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Isozymic variations provide a useful clue for the estimation of population structures and phylogenetic relationships, because the zymographic pattern directly reflects a particular gene system.
The genus Oryza comprises two cultivated and twenty wild species (Tateoka 1964) . The cultivated species, sativa (L.) and glaberrira (Steud.), might have arisen from their respective wild progenitors, Asian perennis (Moench) and breviligulata (Chev.), independently of each other (Morishima et al. 1963) . These four species, though they are isolated by different kinds of reproductive barriers , have the same number of chromosomes (n=12) which normally pair in the F1 hybrids. They form the Sativa Group having the A genome in common. 0, officinalis (Wall.) has a series of relatives with similar genomes, i, e., minuta (Presl), malampuzhaensis (Krish. et Chand.) , punctata (Kotschy), eichingeri (Peter), latifolia (Desv.), alta (Swallen), and grandiglumis (Prod.), which are mostly tetraploids. The other species (australiensis Domin, brachyantha Chev. et Roehr., ridleyi Hook., longiglumis Jansen, meyeriana Baill., coarctata Roxb., tisseranti Chev., perrieri Camus, etc.) seem to be distantly related to them.
Our numerical analysis of the pattern of character variations among the species showed the presence of two main species groups, Sativa and Officinalis (Morishima and Oka 1960) .
In 0. perennis and 0, sativa, Chu (1967) has observed variations in peroxidase isozymes of the leaves, showing that the former species had larger variability than the latter. Also, Chu and Oka (1967) reported a comparison of peroxidase variation between the perennis-sativa and breviligulata-glaberrima series of the Sativa Group. Other species than these and other isozymes than of peroxidase have not yet been observed in Oryza.
To work out the pattern of isozyme variations in Oryza, we made a survey of within-and between-species variations of peroxidase, acid phosphatase and esterase. The results revealed a large amount of variations rather concentrated in certain species. in the National Institute of Genetics, Japan. A strain was represented by one to three plants randomly chosen from a population seed sample collected in its natural habitat, with the exception of sativa strains which were pure lines. The plants were grown in pots in a greenhouse. Leaf blades three to five days after full expansion were used for observing the zy mograms.
The apparatus and procedures of electrophoresis are the same as described by Endo (1966) or by Chu (1967) . Starch gels were prepared in 0.03M borate buffer (pH 8.5), using hydrolyzed potato starch.
A piece of leaf blade, 0.5 g in fresh weight, was cut into small pieces and ground in a mortar.
The homogenate was placed on a filter paper strip and was squeezed between two slide glasses, and the strip was inserted in the gel at a distance of 8 cm from the cathodal edge. After a constant current of 9 V/cm (ca. 1.7 mA) was applied for 4 hours (3 hours for esterase) at l0°C, the gel blocks were sliced horizontally and were stained with the following reacting mixtures: Peroxidase-0.01 M Tris-acetic acid buffer, 0.1% benzidine acetate and 0.3% hydrogen For observing a group of strains, one of them was taken as the control, and when its zymogram showed any change, the same experiment was repeated on the next day. Peroxidase and acid phosphatase zymograms were observed in all 21 species. Esterase zymograms were observed only in perennis and sativa strains.
In each enzyme species, the cathodal and anodal isozyme bands were numbered 1C, 2C • • •and 1A, 2A • • •, respectively, in the same manner as done by Chu (1967) for peroxidase.
Their mobilities are given in Table 1 . Peroxidase 1C, 2C anc lA bands were sometimes indistinct.
The data for them were discarded. Further, the data were subjected to "pattern analysis" to obtain a summarized picture of variations.
As this technique is not described in textbooks of statistics, the formulas used are briefly explained in the Appendix.
RESULTS

1) Estimation of within-species variability
The frequencies of respective peroxidase and acid phosphatase bands in different species are diagrammatically shown in Fig. 1 . The number of strains observed in each species, the number of isozyme bands differing among strains of a species, and the number of different zymograms found among them, are summarized in Table 2 . In both peroxidase and acid phosphatase, perennis, officinalis, punctata-eiclaingeri, and latifolia-alta showed variations in many bands. In contrast, sativa, glaberrima, breviligulata, brachyantha and meyeriana showed limited variability.
If all the bands are recombined freely, a species varying in the presence or absence of n bands is expected to have 2n different zymograms.
The observed number of zymograms is in most species apparently smaller than 2. . This indicates that the isozyme bands are not freely recombined, their particular combinations characterizing the observed zymograms.
The number of observed strains differed from species to species. If a species has N zymograms distributed among its strains with equal frequency and n strains are randomly chosen, the number of zymograms to be found among them will be N• {1-(1-1/N)n} and its standard deviation will be '1/nN(1/N)(1-1/N). On this expectation, an estimate of variability given by the standardized value of the expected number of zymograms was computed for each species.
As shown in Table 2 , perennis, officinalis, minuta, punctata and latifolia had large values of the variability estimate, while sativa, glaberrima, breviligulata and brachyantha had smaller values. The patterns for peroxidase and acid phosphatase were quite similar.
Two or more plants per strain were observed in 98 strains. They showed either the same or different zymograms.
Most of perennis and more than half of officinalis, eichingeri, latifolia and ridleyi strains appeared to be heterogeneous, while sativa, glaberrima, breviligulata and meyeriana strains were largely homogeneous (sativa strains were pure lines). When a strain was heterogeneous, a zymogram occurring frequently or one arbitrarily taken was considered to represent the strain.
2) Variation trends in peroxidase and acid phosphatase zymograms In peroxidase, there were altogether 15 isozyme bands showing variation and 69 different zymograms; and in acid phosphatase 21 bands and 81 different zymograms ( Table 2) . Distribution of zymograms among species is summarized in Table 3 . The table shows that perennis, officinalis and latifolia had many zymograms peculiar to them. Also grandiglumis and other "rare" species each showed its own zymogram. But some other zymograms were found in two or more species in common. The cultivated species, sativa and glaberrima, had none peculiar to them, as their zymograms were present in their wild progenitors, perennis and breviligulata, respectively. Presentation of respective peroxidase and acid phosphatase zymograms, 150 in total, may spoil the brevity of this paper.
A few points of interest will be picked up from large charts, which may be offered to the reader upon personal request.
Sativa Group, peroxidase (cf. Chu 1967)-Variations were recorded as to the presence or absence of bands 6C, 5C, 4C, 2A, 3A, 4A and 7A, as 3C, 5A and 6A invariably occurred (Table 4) . As Chu and Oka (1967) pointed out, band 6C characterized In sativa, most Indica varieties had band 4C which was absent in most Japonica varieties.
The two sativa zymograms were found among Asian perennis strains.
The African and American forms of perennis mostly had 5C which was infrequent in the Asian form. As 3A is a hybrid dimer band due to 2A 4A (Shahi et al. 1969) , its occurrence in some perennis strains indicates their heterozygosity.
Sativa Group, acid phosphatase-Bands 1C to 4C, lA to 9A and 11A all showed variation giving rise to 33 different zymograms.
Varieties of sativa had two zymograms, one (1A-3A-5A) representing the Indica and the other (1C-1A-3C) representing the Japonica type. These two zymograms seemed to be controlled by genes in a compound locus (unpublished data).
The Indica zymogram was frequently found among Asian perennis strains and also in one Oceanian perennis strain, while the Japonica This strains was collected from a population growing in a remote savanna surrounded by swampy forest. Officinalis Group-The Asian diploid species, officinalis had 21 peroxidase and 12 acid phosphatase zymograms (Table 2) . In both enzymes, strains from Asian continent and Malayan archipelago tended to have different zymograms.
Three zymogram types of peroxidase as well as four of acid phosphatase were commonly found in two or more species of this group (Table 3) . Strains of punctata and eiclzingeri from West Africa were mostly tetraploid, while those from East Africa were diploid. They had different zymograms.
Strains of latifolia from Central America and South America also tended to have different zymograms of acid phosphatase.
The variation patterns in Species names are abbreviated as follows: sa (I)-sativa (Indica), sa (J)-sativa (Japonica), pe-perennis, gl-glaberrima, bvbreviligulata, of-officinalis, mi-minute, ma-malampuzhaensis, pu-punctata, ei-eichingeri, lalatifolia, al-alta, gr-grandiglumis, au-australiensis, me-meyeriana, br-brachyantha, 10-longiglumis, ri-ridleyi, co-coarctata, ti-tisseranti, pi-perrieri, su-subulata. strains (y's) and characters (x's; isozyme bands in the present case) are rearranged according to their mutual similarities so as to maximize the correlation between strain and character (r ) . The distribution of strains of various species in the plane defined by the first and second vectors showing strain similarity, Yl and Y2, is shown in Fig. 2 for peroxidase Fig. 3 . 320 strains of various Oryza species scattered by the first and second vectors obtained from the pattern analysis of acid phosphatase zymograms. The size of circles, squares and triangles represents the frequency (number of strains). Abbreviated species names are as given in Fig. 2 . and in Fig. 3 for acid phosphatase.
In Fig. 2 , strains of different species formed a continuous array except that grandiglumis having bands A9 and A10 was placed apart from the others. Species belonging to Sativa Group were distributed on the upper-left side, while those of Officinalis Group were on the opposite side. Fifteen isozyme bands of peroxidase were also scattered by the Xl and X2 vectors; they did not show particular clusters. The strain-character correlations representing the efficiency of rearrangement of strains and isozyme bands, were for peroxidase relatively low (rx151=0.34 and rx2~2=0.26) as compared with those for acid phosphatase (r 151=0.62 and rx2~2=0.51).
In acid phosphatase, the pattern analysis gave better clustering of strains, as shown in Fig. 3 . Strains belonging to the species of Sativa Group formed a cluster on the upper-left side, and those of 0 ficinali s Group were scattered from upper-right to lowerleft corners, showing a tendency to be differentiated into two groups distributed along the Y1 and Y2 axes, respectively.
In Fig. 4 , 21 acid phosphatase isozymes are scattered according to the X1 and X2 vectors. Their distribution corresponds to that of strains in Fig. 3 . The anodal bands of even numbers were scattered along the X1 axis, while those of odd numbers were along the X2 axis. The strains scattered along the Yl and Y2 axes in Fig. 3 had many bands of even and odd numbers, respectively. Possibly, genes controlling bands 1A, 3A and 5A and those controlling 2A, 4A and 6A may belong to different systems, as our genetic experiment in 0. perennis has suggested (unpublished). The pattern analysis of the data thus indicated that isozyme variations among Oryza species were phenotypically almost continuous. Though some species had their own zymograms, the zymograms of a species were not always more similar to one another than to those of another species.
There may be genes commonly distributed in different species.
4) Zymographic change associated with domestication
As mentioned, in both peroxidase and acid phosphatase, sativa varieties had only two different zymograms one representing the Indica and the other the Japonica type. In contrast, their wild progenitors, perennis strains had various zymograms. The intermediate perennis-sativa or semi-wild forms were obtained in collections from Jeypore Tract, India, where rice culture is primitive and morphological variations are accumulated. Oka and Chang (1962) observed their characters and scattered those strains according to the scores given by two discriminant formulas, one for distinguishing cultivated from wild forms, and the other for distinguishing between the Indica and Japonica types. The acid phosphatase zymograms of the semi-wild strains thus scattered together with those of Asian perennis and sativa strains used as the controls are shown in Fig. 5 . A similar scatter diagram for peroxidase is in Chu and Oka (1967) . 
Acid phosphatase zymograms of perennis-sativa
strains scattered according to the scores given by two discriminant formulas, one (ordinate) for classifying wild and cultivated forms, and the other (abscissa) for Indica and Japonica types (cf. Oka and Chang 1962 perennis and sativa strains. The frequencies of individual esterase bands found among perennis and sativa strains, in comparison with those of peroxidase and acid phosphatase bands, are given in Table 5 . The table shows that in all the three enzyme species, as the plants were domesticated some bands were fixed while others were eliminated. There were altogether 72 different esterase zymograms among the strains of perennis and sativa.
As shown in Table 6 , 11 of them (nos. 9-19) were peculiar to sativa and 29 were peculiar to Asian perennis, while eight (nos. 1-8) were common to sativa and Asian perennis.
Among the 11 zymograms peculiar to sativa, Indica varieties had higher frequencies of five (nos. 6-13) and lower frequencies of the other five (nos. 15-19) zymograms than Japonicas.
But the Indica and Japonica types showed no marked difference in the frequencies of the eight zymograms common to sativa and Asian perennis (Table 6 ). This suggests that there are numerous genes controlling esterase isozymes and some of them might have been substituted in the course of domestication and differentiation into the Indica and Japonica types. The esterase data were also subjected to pattern analysis.
The scatter diagram of strains obtained is shown in Fig. 6 , though the strain-character correlations were low. The figure shows that the Asian, African, American and Oceanian forms of perennis were distributed partly overlapping one another. It may also be recognized from the figure that the perennial (perennis) and annual (spontanea) types of Asian perennis strains were distinguished, and sativa strains were located near the perennial type. Based on the occurrence of a continuous array of intergrades from it to sativa, Oka and Chang (1962) considered the perennial type more likely to be the progenitor of sativa than the annual type. The variation pattern found in esterase zymograms seems to support this view. Duke and Glassman (1968) observed 29 Drosophila species each represented by a population regarding xanthine dehydrogenase isozymes, molecular weight of the enzyme protein, and serological relationships.
DISCUSSION
They reported that the electrophoretic mobility of isozymes tended to be reduced as the species became "advanced", but the species showed no significant differences in molecular weight. The isozyme variation was associated with the amount of serologically cross-reacting material, and the variation pattern largely agreed with the phylogenetic scheme of Drosophila species given by Throckmorton (1962) on the basis of morphological and cytogenetic evidence.
In the present work, all species observed with two or more strains showed an intraspecific zymogram variation except for 0. brachyantha.
Generally, the variability within species was larger than between species.
A few species had their specific isozyme bands and zymograms.
But many other zymograms were commonly found in different species so that identification of species by zymogram seemed to be difficult. In view of the complexity of zymogram variations, we used the technique of pattern analysis to rearrange the isozyme bands and strains according to their mutual similarity, respectively, and to obtain a summarized figure of the variation. The results showed that strains of a species were scattered in a wide range, different species overlapping one another.
It is generally accepted that an isozyme band is specified by a "structural" gene except that hybrid bands may be due to two allelic or non -allelic genes. From back-crossing experiments. Chu and Oka (1967) Possibly, gene combinations representing the Indica and Iaponica types might have been selected during domestication and differentiation into the two types. This indicates that, as has been postulated on various other evidences, sativa has been derived from Asian perennis, the Indica and Japonica types being monophyletic.
In esterase, sativa varieties showed much larger variability than in peroxidase and acid phosphatase. Desborough and Peloquin (1967) , who observed esterase isozymes of Solanum species, reported that cultivated species had less variability than wild ones.
Questions may arise as to why variations in certain enzymes have been reduced with domestication but those in others were not. 
